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Abstract

:

Researchers have extensively examined and reviewed the relationship of the profile of mood states (POMS) with sport performance since the 1970s. Two decades have passed since the last POMS quantitative review. Our overall objective was to quantify the POMS research with competitive athletes with a prospective measured POMS and a sport performance outcome in the published literature. Additionally, we tested potential moderators of the mental health model (i.e., sport duration, type, and skill) with meta-analytic techniques while considering potential risk bias across study sources. Based on a systematic review, the articles were found using EBSCO and comparing these articles with extensive past POMS in sport and exercise bibliographies. Search terms included profile of mood states (POMS) or iceberg profile or the mental health model with sport and performance or sports performance. For selection, articles must have reported data on competitive athletes, an athletic performance outcome, and a valid form of the POMS measured prospectively. After screening more than 600 articles for inclusion, 25 articles provided sufficient data for effect size calculations. The included articles spanned from 1975 to 2011, with 1497 unique participants. Hedges’ g values were generally small for the six POMS scales: tension (−0.21), depression (−0.43), anger (−0.08), vigor (0.38), fatigue (−0.13), and confusion (−0.41). However, the total mood disturbance (TMD) score effect size was medium in magnitude at −0.53. When corrected for potential publication bias, the effect size values increased in magnitude for tension (−0.47), depression (−0.64), vigor (0.44), fatigue (−0.34), and TMD (−0.84). Moderator analyses for Terry’s (1995) propositions and for risk of bias across studies, statistically, resulted in few differences based on conventional statistical significance (p < 0.05). Measured before performance, most of the POMS scales and TMD are reliable predictors of sport performance in competitive athletes across a wide variety of sports and athletic performance outcomes. Morgan’s (1980, 1985) mental health model or iceberg profile minus anger is still a viable method for understanding and improving athletic performances.
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1. Introduction


Given that sport has performance statistics and winners and losers, an understanding of how to affect performance and thus the outcome of sporting events is valued and researched across all sport science areas. In sport psychology research, understanding athletic performance predictors is a main goal and there is much literature on the subject. For instance, researchers have quantified many sport psychology interventions and constructs (see Lochbaum [1]) relating (to) athletic performance such as goal setting [2], achievement goals [3], mental practice [4], and team cohesion [5]. As with the above-mentioned sport psychology and performance topics, mood states as measured by the profile of mood states (POMS) questionnaire [6] is a much-researched topic within sport psychology under Morgan’s [7,8] mental health model or often termed iceberg profile. Indeed, two meta-analyses have been previously published [9,10] as well as a number of systematic reviews [11,12,13,14].



Given the importance of predicting performance, the longevity of Morgan’s mental health model with the POMS in sport psychology research, and the passing of at least 20 years since the last reviews [10,11,12,13], we extensively searched the peer-reviewed published POMS and sport performance research. This review only included POMS studies using McNair and colleagues’ [6] measure. We then meta-analyzed data when available, examined potential sources of bias, and used mixed-effects analysis techniques to test a number of hypotheses with the hopes of solidifying and furthering POMS research in the competitive sport environment regarding predicting performance.



1.1. Morgan’s Mental Health Model


Morgan and his colleagues appeared to begin using the POMS shortly after its publication [6] to predict US Olympic wrestlers’ trial success [15,16] and rowing [17]. Within the next decade, Morgan [7], in his Psychology Today popular press article, termed the unique differences found between successful and unsuccessful sport performers based on the POMS subscales, with successful performers lower in tension, depression, anger, fatigue, confusion, and higher in vigor compared to less successful performers, the iceberg profile. Researchers enthusiastically took to the POMS in competitive sport contexts to explain sport performances in both individual sports such as distance running [18], speed skating [19] and team sports such as football [20] and netball [21]. It was in this time period, in an edited text titled Limits of Human Performance, that Morgan [8] presented his mental health model, stating “positive mental health enhances the likelihood of success in sport, whereas psychopathology is associated with a greater incidence of failure” [8] (p. 79).



By the 1990s, enough research via academic conference presentations and published articles had accumulated for both qualitative [11,12] and quantitative [9] reviews. In the next decade, two qualitative [13,14] and one quantitative [10] reviews kicked off the new decade. A number of inconsistencies pervaded the reviews. For instance, since the first review [11,12], the notion of the POMS accurately or significantly discriminating among levels of successful athletes or compared to non-athletes has been viewed as unsubstantiated as well as “entirely unreasonable” [12] (p. 310).



Renger [11] pointed his criticism to Morgan’s [7] overly simplified popular press article as well as using the POMS as a personality measure. Terry [12] stressed, in a more positive light, that research to best understand the mood and performance relationship both between and within athletes is needed. He highlighted a number of areas, such as early problem identification, load monitoring, and the like. Further, in 1995, Rowley and colleagues [9] (most notably his mentor Daniel Landers) published the first meta-analysis on the POMS. Though casting a less than supportive conclusion “...the utility of the POMS in predicting athletic success is questionable” [9] (p. 185), the overall effect size, representing the POMS total mood score, though small (ES = 0.15), was statistically different from zero, indicating that more successful athletes’ mood profiles conformed to Morgan’s iceberg profile.



By the time of the next round of POMS reviews, research with the POMS flourished. For instance, LeUnes and Burger [13] identified 258 published articles using the POMS in sport and exercise contexts based on LeUnes’ updated POMS bibliographies [22,23,24]. LeUnes and Burger [13] concluded with improved research techniques and POMS measurement (e.g., validated measure for youth) that “mood profiling will be important components of POMS research and application into the millennium” [13] (p. 14). In contrast, Prapavessis [14], in his review, pushed for Hanin’s Individual Zone of Optimal Function model (see Ruiz, Raglin, and Hanin [25] for a historical review of Hanin’s work) over Morgan’s mental health model to best understand sport performance.



Beedie and colleagues’ [10] meta-analysis provided more definitive answers by separating level of achievement studies and performance outcome studies. They coded and attempted to analyze their data based on a number of Terry’s [12] mood and performance propositions such as sport type and duration, operational definition of performance success, timing of mood assessment relating (to) performance, and POMS response set. Additionally, unlike Rowley and colleagues’ [9] work, Beedie et al. [10] reported data for all POMS subscales when available. For the achievement studies, when averaged together appropriately (all coded to positive mental health), the overall effect size (0.10) was nearly identical to that of Rowley’s. Separated, the vigor effect size (0.20) was the largest value supporting Morgan’s iceberg profile.



The change in tone concerning support of Morgan’s mental health model or iceberg profile stemmed from the mood and performance results. Across 17 samples, the effect size values in order of magnitude were 0.47 (vigor), −0.40 (confusion), −0.34 (depression), −0.27 (anger), −0.25 (tension), and −0.13 (fatigue). Citing small samples across their potential moderator variables based on Terry’s [12] propositions, Beedie and colleagues [10] reported effect size representing total mood values without statistical testing for differences. Those values, regardless of the proposition category, ranged from 0.27 to 0.39, thus all still being categorized as small [26]. Though subscale effect size values are found in their review (see Table 2, p. 62), the authors did not expound upon them. Even with limited samples and statistical tests, Beedie and colleagues [10] concluded in their abstract based concerning the POMS predicting performance outcomes, “the POMS has utility” [10] (p. 49) though, in their discussion, they qualified this utility as “moderate at best” [10] (p. 63). Certainly, one could argue the subscale effect size values approaching moderate in magnitude are of value concerning bettering an athlete’s performance.




1.2. Objectives


In summary, improving athletic success in competitive sport is valued. Thus, based on our examination of the POMS reviews and the potential for more advanced statistical testing, our overall objective was to update the research knowledge since Beedie and colleagues’ [10] meta-analysis concerning Morgan’s mental health model [7,8] as measured by the POMS related only to predicting athletic success. To achieve our overall objective, we reviewed all found published studies that specially assessed the POMS before athletic performance in competitive settings with competitive athletes. By doing so, we tested whether the mental health model or iceberg profile is still characteristic of successful performances. Then we investigated a number of Terry’s [12] proposed moderators that received mixed support in the Beedie and colleagues’ [10] meta-analysis. We placed Terry’s proposition concerning performance references (i.e., objective or self-referenced) as a potential risk of across-study bias moderators.




1.3. Research Questions


Specifically, we tested the following research questions. In Morgan’s [7,8] mental health model, especially higher levels of vigor and lower levels of tension, depression, anger, fatigue, and confusion, characterize successful athletic performances and are invariant to potential across study risks of bias. Based on Terry’s [12] proposed moderators, we tested whether the POMS subscales explain (i.e., larger in effect size values) successful athletic performance more in (a) short-duration sports—defined as less than 10 min, when compared to longer-duration sports; (b) closed-skill sports—defined as mostly self-paced, little to the interaction between or among competitors, and few external performance influences when compared to open-skill sports, which are defined as sports with higher unpredictable competitor interactions or potential external influences; and (c) individual sports—defined as sports requiring no teammate cooperation, compared to team sports, which are defined as sports requiring teammate cooperation, whether open- or closed-skill sports. Across all three moderators, the notion is that mood, as measured by the POMS, before the sporting event should be more accurate of mood within the event because the event is shorter in time or has fewer outside influences or no teammates to impact competition mood and thus potentially performance.





2. Materials and Methods


This meta-analysis reported on each PRISMA statement item [27]. Thus, our reporting is transparent with the goal of being perceived as comprehensive.



2.1. Protocol and Registration


Researchers have tested Morgan’s mental health model or iceberg profile since the 1970s, and Terry’s proposed moderators are of written record. Thus, we did not register our protocol in a database. We specified our search strategy, inclusion criteria, data extraction, and data analyses in advance of writing our manuscript. All details of our work, if in question, are available from the lead author.




2.2. Eligibility Criteria


Articles retained for extensive examination met the following inclusion criteria: papers with (a) any methodological design such as mean group, between or within differences or correlates with performance; (b) a publication date after that of the POMS up to 1 January 2020; (c) original data published in peer-reviewed journals; (d) competitive athletic participants; and (e) a valid full- or short-form POMS questionnaire; (f) the POMS assessed before sport performance; and (g) a measure of sport performance. There was no language of publication restriction. To align with our review objectives, we gave much consideration to study participants and performance outcomes. We based the competitive athletic participants criteria on the specifics found in the sample descriptions. We did not consider participants described as recreational or intramural or volunteers at a rehabilitation clinic or exercisers. Specifically, we defined sport performance as immediate outcomes such as making an Olympic team, winning and losing sport performance statistics such as baseball batting average, and future athletic success such as becoming a professional athlete. We excluded performance outcomes associated with athletics such as shuttle run performance or vertical jump tests as they in and of themselves are not the outcome of a sporting event. Articles included in the meta-analysis portion of this review met the above inclusion requirements and provided necessary data for effect size computation. The first and third authors rigorously checked eligibility and final inclusion assessments.




2.3. Information Sources


We systematically identified studies by searching electronic databases, references from published POMS bibliographies, and references from two published meta-analyses. All authors conducted their electronic database search in EBSCO with the following individual databases selected: SPORTDiscus, PsycINFO, and ERIC. The main extensive search concluded in July 2019. The second author then extensively examined the search and expanded the search into January 2020.




2.4. Search Protocol


All authors used the following search terms: profile of mood states or POMS or iceberg profile or mental health model with sport and performance or sports performance. In EBSCO, we used the advanced search option that provided three separate boxes for search terms such as box 1 (profile of mood states), box 2 (sport), and box 3 (performance). At each search stage, we restricted EBSCO to a one-year period (e.g., 1974). Once a one-year period, each author restarted with the next year (e.g., 1975). Here are the details of our search strategy:




	
Profile of mood states, sport, performance;



	
POMS, sport, performance;



	
Iceberg profile, sport, performance;



	
Mental health model, sport, performance;



	
Profile of mood states, sport, sports performance;



	
POMS, sport, sports performance;



	
Iceberg profile, sport, sports performance;



	
Mental health model, sport, sports performance.









2.5. Study Selection


As detailed in the PRISMA flow chart [28] (Figure 1) and the details of inclusion criteria, the study selection process was rigorous. Three of the authors (first, third, and fourth) engaged independently in the majority of the study selection process. The first and third author selected studies for possible inclusion while the second author engaged in a complete review of all students pulled. Through the process, we settled disagreements by consensus while examining the study inclusion criteria.




2.6. Data Collection Process


The first and second authors rigorously planned and carried out the data extraction process both independently and jointly. Much discussion occurred for discrepancies. All data extraction forms are available from the first author. No data or clarifications were sought from authors.




2.7. Data Items


To address our objectives and best understand the studies, we extracted from each study the following information: (1) sport type (including sport name, event duration, team or individual, and skill, open or closed); (2) sample characteristics (including number, percent sample male, and country); (3) study characteristics (design and confidentiality); and (4) measure characteristics (POMS wording and relation to performance, objective or self-referenced performance). For all information sought, we coded missing information as not stated. As to be detailed, some extracted information also served as study quality moderators (between study risk biases across study) as the interplay between risks of bias and studying coding influenced each other.




2.8. Risk of Bias in Individual Studies


The first and second author rigorously coded for the potential of individual study risk of bias. Given that studies with the POMS in sport have historically been more convenience samples than randomized and actual sport outcomes are not the result of randomized clinical trials, we examined a number of risk bias examples found in the literature [29]. After much discussion and iterations, we coded all studies on the following risks of bias: (a) sample is a close representation of the target population; (b) random selection used; (c) likelihood of non-response bias minimal; (d) performance measure relevant to the sample’s sport; (e) POMS data collected directly from the subjects; (f) reliability values reported for the POMS; (g) performance data verifiable; (h) same mode of data collection used for all subjects; (i) length of measurement time within a reasonable period between the POMS and sport performance.




2.9. Summary Measures


Given that both means and correlations were expected as reported data, we needed to choose a primary effect size parameter. The primary effect size measure of the relation of the POMS subscale and total mood disturbance score with sport performance was Hedges’ g [30,31]. For our overall test of the POMS and performance relationship, we used a random-effects model. For our moderator tests, we reported Hedges’ g values found in the mixed-effects analysis. Along with Hedges’ g, 95% confidence intervals, variance, and Z-values with associated p-values were calculated by using the Comprehensive Meta-Analysis (CMA) version-3 software (version 3.3.070, Biostat, Inc., Englewood, NJ, USA, 20 November 2014). Cohen’s (1988) interpretation for computed effect size differences criteria was used with 0.20 as small, 0.50 as medium, 0.80 as large, and 1.30 as very large.




2.10. Planned Methods of Analysis


Our use of random- and mixed-effects analyses meant we assumed moderate to high heterogeneity. We measured this as inconsistency (I2). The I2 statistic is the ratio of excess dispersion to total dispersion. As explained by Higgins and colleagues [32], I2 may be interpreted as the overlap of confidence intervals explaining the total variance attributed to the covariates. Higgins and Thompson [33] have provided a tentative classification of I2 values to help interpret the magnitude of the heterogeneity of variance: 25 (low), 50 (medium), and 75 (high).



We also planned for calculating standard deviations (SD) for entry into the CMA program. We calculated SD from reported means, sample sizes, and t-values in a few instances.




2.11. Risk of Bias across Studies


Concerning the possibility of risk of bias across studies, we examined publication bias, selective POMS scale reporting, assurance of participant anonymity, performance measure reference (objective or self), and study design concerning POMS measurement timing (more immediate or long term) on our cumulative results.



For publication bias, we examined the fail-safe n calculation, the funnel plot, and the ‘trim and fill’ results as calculated in the CMA program for random effects. The fail-safe n statistic is interpreted as the number of samples required to change a significant effect size into a non-significant effect size [34]. The greater the value, the more confidence one has that the meta-analyzed result is indeed safe from publication bias. The number of studies per reported study value was used based on the one-tail test. Thus, the larger number of studies per reported study value, the greater the confidence in the effect size being free of publication bias. Random-effects funnel plots of precision were examined to determine whether the entered studies were dispersed equally on either side of the overall effect [35] as symmetry theoretically represents the entered studies captured the essence of all relevant studies. Concerning sample size and the funnel plot, smaller studies are found closer to the bottom and larger studies closer to the top of the graph. To fix any asymmetry, Duval and Tweedie’s [36] trim and fill analysis was used. Both the number of samples needed and the resultant meta-analyzed effect size are provided in the CMA output. The first author examined each random-effects funnel plot of precision and conducted the correction analysis. The data points were either filled to the left (i.e., lowering the effect size value) or right (i.e., increasing the effect size value) of the mean, depending upon where the symmetry was lacking.



To test the impact of selective reporting (all scales, not all scales), assured participant anonymity (assured, not mentioned), performance measure (objective or self-referenced), and study design regarding the POMS measurement and performance (short- or long-term) on the cumulative results for each of the POMS scales as well as total mood disturbance, we used the CMA mixed-effects analysis. We reported the number of cases, sample sizes, and Hedges’ g, 95% confidence intervals for each level for each risk bias variable. The Q between statistic and associated p-value was examined to determine the statistical difference between the two levels of each risk bias moderator.





3. Results


3.1. Study Selection


From the extensive search, a total of 25 studies [16,17,18,19,20,21,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56] met all inclusion criteria. The database search initially generated 672 citations while examining other records such as POMS bibliographies, meta-analyses, and individual studies resulted in 345 citations. After duplication removal, 615 citations remained for screening. Four articles were removed as full text or the abstracts in full were not available. Thus, we screened 611 articles for inclusion. The full text of 58 articles were screened, assessed, and debated as to whether each met all inclusion criteria. Figure 1, our flow diagram, details our complete process and indicates articles screened and removed by decade. Articles (4 from the period 1980–1989, 5 from the period 1990–1999, 12 from the period 2000–2009, and 8 from the period 2010–2019) meeting our inclusion criteria without sufficient data to analyze are available from the lead author.




3.2. Study Characteristics


Table 1 includes the 25 studies meeting all inclusion criteria of which four provided data for two distinctly unique samples. Overall, the 25 studies provided 32 samples with one study [40] providing samples that might have sample overlap with the reported performance measures. Hence, this study is listed only once in Table 1. From the data found in Table 1, the studies spanned from 1975 to 2011, with 1497 participants with data coming from Australia (n = 3), Brazil (n = 2), China (n = 1), Poland (n = 1), Spain (n = 2), Sweden (n = 3), the United Kingdom (n = 2), and the United States (n = 15). The majority of study participants (n = 18) were 100% male with only a few samples (n = 3) female only. Only three samples contained participants with mean ages reported as less than 18 years. Regarding the coded study characteristics, most reported mean level data (n = 23) and the remaining were (n = 6) correlational. As coded, the studies spanned performance group (n = 10), team selection (n = 9), performance outcome (n = 8), and future success (n = 2) designs. Fewer studies specifically reported anonymity assured (n = 13) than not reported (n = 16). Concerning the sport characteristics reported in Table 1, there were more individual (n = 17) than team sports (n = 12), more open- (n = 16) than closed- (n = 11)-skilled sports, and sports nearly equal in typical duration (n = 14 for >10 min; n = 15 for >10 min). The actual sports were great in variety including American football, soccer, baseball, basketball, volleyball, tennis, track, swimming, table tennis, speed skating, weightlifting, fighting, distance running, wrestling, cross-country skiing, ski marksmen, clay shooting, pentathlon, judo, and karate. Concerning coding of our measures, using mainly the POMS, the majority used the long form (n = 25), collected the POMS close to the actual sporting event (n = 22), and reported all the subscales (n = 20). Last, concerning the performance measure in relation to the participants, the majority were objective (n = 21) rather than self-referenced (n = 8).




3.3. Risk of Bias within Studies


Table 2 provides the risk of bias within studies information. The one concern would be the consistent lack of POMS reliability reporting and any form of random selection procedures. However, the researchers based their work within athletic groups and assessed participants who represented highly valued target populations (e.g., Olympic athletes, DI athletes) in very particular sports which would make random selection difficult. Thus, overall, it would seem the studies are of medium quality within our very specific inclusion criteria.




3.4. Results of Individual Studies, Synthesis of Results, and Risk of Bias across Studies


A number of tables and figures at both the individual level and across all studies summarize our results. Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8 contain all individual study effect size information as well as forest plots. As found in Table 3, the effect size values for depression, vigor and confusion were significantly different from zero. The effect size values were generally small. However, the upper end of each confidence interval −0.75 (depression), −0.76 (confusion), and 0.60 (vigor) was medium in meaningfulness. All effect size values except vigor had high levels of heterogeneity, verifying our upfront coding of potential moderator variables. As found in Table 4, examination of the effect size values suggests potential for some moderation, especially for sport duration. However, few statistically significant differences emerged across all the POMS scales and TMD for any of the coded moderators.



Regarding the number of risk bias across study assessments, Table 4 contains the publication bias statistics and Figure 9, Figure 10, Figure 11, Figure 12, Figure 13, Figure 14 and Figure 15 are the corresponding precision plots. The fail-safe n values relative to the number of samples suggested that the values were free of the bias of non-significant results being “filed away” in a researcher’s office [34]. Actually, when adjusted for publication bias, TMD and all scale effect size values except for anger based on the 95% confidence intervals were reliably different from zero. Moreover, the adjusted effect size values were larger in magnitude, with TMD reaching large and depression medium in interpretation. In addition to publication bias across studies (see Table 5), we assessed four other potential sources (assured anonymity, selective POMS scale reporting, performance outcome reference, and relation of POMS measurement to performance). Though effect size values differed in some cases, no statistically significant (p < 0.05) differences resulted across all potential risk of bias across study analyses.





4. Discussion


The objective of this meta-analysis was to summarize the state of the POMS and sport performance literature to test whether Morgan’s [7,8] mental health model (i.e., higher levels of vigor and lower levels of tension, depression, anger, fatigue, and confusion) characterizes successful athletic performances and remain evens when examined across a number of potential sources of across study risk biases. In addition to our main objective, we examined Terry’s [12] propositions concerning some aspects of the sport itself would lend to greater support of Morgan’s iceberg profile. Because of our inclusion criteria, the passing of time (i.e., articles published after the past two meta-analyses), and potentially improved technology for article searching, the overlap of studies was only 7 with the Rowly [9] meta-analysis and 10 with the Beedie et al. [10] meta-analysis (included in their sport outcome results). Our results initially supported the two past meta-analyses in that overall the effect size values were general small though our TMD effect size was medium in magnitude though not reliably different from zero. Furthermore, when examining each POMS scale, our mean effect size values, except for anger, were in line with those reported by Beedie and colleagues [10] for performance outcomes. After corrected for publication bias, our mean effect size values were reliably different from zero for all but the anger scale. Of note was that the TMD effect size was large and depression medium in meaningfulness with the publication bias correction. Though certainly overall the effect sizes lend to appearances of differences, across all four of the risk bias across study moderators, none differed at the conventional p-value, with most being far from the conventional p < 0.05 value.



Our moderator analyses, though few significant results emerged, require further discussion. Terry [12] forwarded a number of propositions concerning the ability of the POMS to explain athletic performance. Specifically, the POMS subscales should explain (i.e., larger in effect size values) successful athletic performance more in short-duration sports compared to longer-duration sports, closed-skill sports compared to open-skill sports, and individual sports compared to team sports. Beedie and colleagues [10], with a colleague being Terry, tested Terry’s [12] propositions. Given their low sample sizes per moderator level, they did not test effect size statistical differences. Regardless, across each moderator and level, all effect size values were small in magnitude, ranging from 0.27 to 0.39, with the POMS scales averaged. Though still with limited samples but more than Beedie and colleagues [10], we used mixed-effects analysis to test for effect size value differences.



For duration, the effect size values themselves were in the predicted direction for tension, depression, vigor, and confusion. For anger, the p-value was statistically significant at the conventional level though in the opposite expected effect size direction. As discussed in the Beedie et al. [10] meta-analysis, anger could be beneficial for short-duration sports such as judo, karate, and weight lifting. When examining the individual effect size values and sports, there is support for this notion as the effect sizes for judo [49], karate [52], rowing (sample 2) [17], weight lifting [43], and wrestling [16] are all positive and ranged from 0.48 to 2.79. Further, concerning duration, though p-values go both ways (i.e., towards the hoped conventional significance and away from the hoped conventional significance), the effect size values for vigor seemed in line with Terry’s sport duration proposition. Therefore, the longer the sport, the more mood fluctuates and thus mood measured before performance has lower predictive power.



4.1. Limitations


Even though our meta-analysis process was guided by the PRISMA statement [27], a few limitations exist. First, we identified 58 studies meeting our inclusion criteria, with the POMS collected before sport performance in competitive athletes, and of those we included 25 in the analyses. As mentioned in our methodology, given the decades covered, from the 1970s to the 2020s, in our search, authors were not contacted for missing data with the foremost reason being passage of time (i.e., deceased researchers and data storage). Certainly, the across study risk bias analyses, especially the publication bias analysis, eased concern over this limitation as the publication bias analysis suggested underreporting of favorable results. Second, the number of included studies contributed to small sample sizes in our moderator analyses and limited power to detect significant between level differences as well as perhaps contributing to at time wide 95% confidence intervals. Many sports were represented but all were dependent upon POMS data reported, thus resulting in small samples for our three Terry’s proposition and risk of bias across study analyses. A better, though most likely unrealistic, research line with the POMS would be the study of one sport many times over with all POMS data reported. Third, the high amount of heterogeneity present in the data seemed to remain unexplained. Even with testing Terry’s propositions and risk of bias across study as moderators, few statistically significant results emerged. Thus, teasing out reasons for the generally high heterogeneity in the main results did not occur. We encourage Lane and Terry’s [56] conceptual model as a way to tease out high heterogeneity. Their conceptual model places depression as the most important POMS mood dimension. By splitting data on depression, Lane and Terry proposed differing answers for the other five POMS subscales and impact on subsequent performance. Fourth, given that most studies failed to report the TMD score, our reporting of data per the six scales could have posed a threat to statistical result validity as the assumption of data point independence was violated. Rowley and his colleagues [9] attempted to combat this threat by combining all of their effect size data per study to one overall effect size (they also performed the analysis again by choosing the most beneficial effect size supporting the mental health model scale score). Beedie and colleagues [10] also provided an overall mean for all six scales by computing all scales as beneficial, in that vigor remains as is and then the depression scale sign is changed as less depression, confusion and so on are characteristic of better performance. Even with this method, selective reporting of the six scales existed for the studies with summarized data in the two past meta-analyses; thus, the overall effect size for each study was not always the mean of the six scales. The best method of course is reporting the TMD mean score, standard deviation and sample size in each study.




4.2. Conclusions


Even with the mentioned limitations, this meta-analysis provided a better understanding of the POMS and sport performance relationships beyond that of Rowly and colleagues [9] and Beedie and colleagues [10]. We were more specific in our inclusion criteria, added many studies beyond that of the past two meta-analyses, examined a number of across studies bias risks, and used mixed-effect analyses in an attempt to examine differences in a number of potential moderators. Based on our search and review of hundreds of articles in the last decade alone, it appears that research with the POMS continued even with sometimes lackluster support [2,11,14]. It is beyond this meta-analysis to conclude whether past research suggestions have been addressed. Certainly, there is a large volume of published studies that most likely address past suggestions such as training load, within subject designs, and more youth samples. It was clear even before adjusting for potential publication bias that depression, confusion and vigor reliably impact sport performance when measured prospectively. With publication bias corrected, the POMS prediction of performance improved in magnitude and number of scale was reliably different from zero. Thus, future research with the POMS in this domain should report all data and be clear in methodology (e.g., anonymity assured). Thus, overall, especially with publication bias corrected, the POMS predicts athletic performance across a wide variety of sports and athletic performances.








Author Contributions


Conceptualization, M.L., D.K., and E.M.; methodology, M.L., T.Z., D.K. and EM software use, M.L. and T.Z.; formal analysis, M.L. and T.Z.; data curation, M.L., T.Z., D.K., and E.M.; writing—original draft preparation, M.L.; writing—review and editing, M.L. and T.Z.; supervision of entire project, M.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable for studies not involving humans or animals.




Informed Consent Statement


Not applicable for studies not involving humans.




Data Availability Statement


The data presented in this study are available on request from the corresponding author in either MS Excel or the Comprehensive Meta-Analysis program format.




Acknowledgments


The research team wishes to acknowledge the Department of Kinesiology and Sport Management for supporting the purchasing of the Comprehensive Meta-Analysis software.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lochbaum, M. Understanding the meaningfulness and potential impact of sports psychology on performance. In Proceedings Book of 8th International Scientific Conference on Kinesiology, Opatija; Milanović, D., Sporiš, G., Šalaj, S., Škegro, D., Eds.; Faculty of Kinesiology, University of Zagreb: Zagreb, Croatia, 2017; pp. 486–489. [Google Scholar]

	



Kyllo, L.B.; Landers, D.M. Goal setting in sport and exercise: A research synthesis to resolve the controversy. J. Sport Exerc. Psychol. 1995, 17, 117–137. [Google Scholar] [CrossRef]

	



Lochbaum, M.; Gottardy, J. A meta-analytic review of the approach-avoidance achievement goals and performance relationships in the sport psychology literature. J. Sport Health Sci. 2015, 4, 164–173. [Google Scholar] [CrossRef]

	



Toth, A.J.; McNeill, E.; Hayes, K.; Moran, A.P.; Campbell, M. Does mental practice still enhance performance? A 24 Year follow-up and meta-analytic replication and extension. Psychol. Sport Exerc. 2020, 48, 101672. [Google Scholar] [CrossRef]

	



Castaño, N.; Watts, T.; Tekleab, A.G. A reexamination of the cohesion–performance relationship meta-analyses: A comprehensive approach. Group Dynam. Theory Res. Prac. 2013, 17, 207–231. [Google Scholar] [CrossRef]

	



McNair, D.M.; Lorr, M.; Droppelman, L.E. Manual for the Profile of Mood States; Educational and Industrial Testing Services: San Diego, CA, USA, 1971. [Google Scholar]

	



Morgan, W.P. Test of Champions the Iceberg Profile. Psychol. Today 1980, 14, 92. [Google Scholar]

	



Morgan, W.P. Selected psychological factors limiting performance: A mental health model. In Limits of Human Performance; Clarke, D.H., Eckert, H.M., Eds.; Human Kinetics: Champaign, IL, USA, 1985; pp. 70–80. [Google Scholar]

	



Rowley, A.J.; Landers, D.M.; Kyllo, L.B.; Etnier, J.L. Does the iceberg profile discriminate between successful and less successful athletes? A meta-analysis. J. Sport Exerc. Psychol. 1995, 17, 185–199. [Google Scholar] [CrossRef]

	



Beedie, C.J.; Terry, P.C.; Lane, A.M. The profile of mood states and athletic performance: Two meta-analyses. J. Appl. Sport Psychol. 2000, 12, 49–68. [Google Scholar] [CrossRef]

	



Renger, R. A review of the profile of mood states (POMS) in the prediction of athletic success. J. Appl. Sport Psychol. 1993, 5, 78–84. [Google Scholar] [CrossRef]

	



Terry, P. The efficacy of mood state profiling with elite performers: A review and synthesis. Sport Psychol. 1995, 9, 309–324. [Google Scholar] [CrossRef]

	



LeUnes, A.; Burger, J. Profile of Mood States research in sport and exercise psychology: Past, present, and future. J. Appl. Sport Psychol. 2000, 12, 5–15. [Google Scholar] [CrossRef]

	



Prapavessis, H. The POMS and sports performance: A review. J. Appl. Sport Psychol. 2000, 12, 34–48. [Google Scholar] [CrossRef]

	



Morgan, W.P. Efficacy of psychobiologic inquiry in the exercise and sport sciences. Quest 1973, 20, 39–47. [Google Scholar] [CrossRef]

	



Nagle, F.J.; Morgan, W.P.; Hellickson, R.O.; Serfass, R.C.; Alexander, J.F. Spotting success traits in Olympic contenders. Physn. Sportsmed. 1975, 3, 31–34. [Google Scholar] [CrossRef]

	



Morgan, W.P.; Johnson, R.W. Personality characteristics of successful and unsuccessful oarsmen. Int. J. Sport Psychol. 1978, 9, 119–133. [Google Scholar]

	



Morgan, W.P.; O’Connor, P.J.; Ellickson, K.A.; Bradley, P.W. Personality structure, mood states, and performance in elite male distance runners. Int. J. Sport Psychol. 1988, 19, 247–263. [Google Scholar]

	



Gutmann, M.C.; Pollock, M.L.; Foster, C. Training stress in Olympic speed skaters: A psychological perspective. Physn. Sportsmed. 1984, 12, 45–57. [Google Scholar] [CrossRef]

	



LeUnes, A.; Daiss, S.; Nation, J. Some psychological predictors of continuation in a collegiate football program. J. Appl. Res. Coaching Athletics 1986, 1, 1–8. [Google Scholar]

	



LeUnes, A.; Egeberg, A. Bibliography on the Profile of Mood States, 1975–1990. Soc. Behav. Sci. 1988, 8, 63–64. [Google Scholar]

	



Miller, B.P.; Miller, A.J. Psychological correlates of success in elite sportswomen. Int. J. Sport Psychol. 1985, 16, 289–295. [Google Scholar]

	



LeUnes, A.; Hayward, S.A.; Daiss, S. Annotated bibliography on the Profile of Mood States in sport, 1975–1988. J. Sport Behav. 1988, 11, 213–240. [Google Scholar]

	



LeUnes, A.; Burger, J. Bibliography on the Profile of Mood States in sport and exercise psychology research, 1971–1998. J. Sport Behav. 1998, 21, 53–70. [Google Scholar]

	



Ruiz, M.C.; Raglin, J.S.; Hanin, Y.L. The individual zones of optimal functioning (IZOF) model (1978–2014): Historical overview of its development and use. Int. J. Sport Exerc. Psychol. 2017, 15, 41–63. [Google Scholar] [CrossRef]

	



Cohen, J. Things I have learned (so far). Am. Psychol. 1990, 45, 1304–1312. [Google Scholar] [CrossRef]

	



Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: Explanation and elaboration. Ann. Intern. Med. 2009, 151, W65–W94. [Google Scholar] [CrossRef] [PubMed]

	



Moher, D. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264. [Google Scholar] [CrossRef] [PubMed]

	



Hoy, D.; Brooks, P.; Woolf, A.; Blyth, F.; March, L.; Bain, C.; Bakera, P.; Smith, E.; Buchbinder, R. Assessing risk of bias in prevalence studies: Modification of an existing tool and evidence of interrater agreement. J. Clin. Epidemiol. 2012, 65, 934–939. [Google Scholar] [CrossRef] [PubMed]

	



Hedges, L.V. Distribution theory for Glass’s estimator of effect size and related estimators. J. Educ. Behav. Stat. 1981, 6, 107–128. [Google Scholar] [CrossRef]

	



Hedges, L.V.; Olkin, I. Statistical Methods for Meta-Analysis; Academic Press: San Diego, CA, USA, 1985. [Google Scholar]

	



Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. Br. Med. J. 2003, 327, 557–560. [Google Scholar] [CrossRef]

	



Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [Google Scholar] [CrossRef]

	



Rosenthal, R. The file drawer problem and tolerance for null results. Psychol. Bull. 1979, 86, 638–641. [Google Scholar] [CrossRef]

	



Duval, S.; Tweedie, R. Trim and Fill: A Simple Funnel-Plot–Based Method of Testing and Adjusting for Publication Bias in Meta-Analysis. Biometrics 2000, 56, 455–463. [Google Scholar] [CrossRef] [PubMed]

	



Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. Br. Med. J. 1997, 315, 629–634. [Google Scholar] [CrossRef] [PubMed]

	



Covassin, T.; Pero, S. The relationship between self-confidence, mood state, and anxiety among collegiate tennis players. J. Sport Behav. 2004, 27, 230–242. [Google Scholar]

	



Daiss, S.; LeUnes, A.; Nation, J. Mood and locus of control of a sample of college and professional football players. Percept. Mot. Skills 1986, 63, 733–734. [Google Scholar] [CrossRef]

	



De La Vega Marcos, R.; Barquín, R.R.; García-Mas, A.; Balagué, G.; Zafra, A.O.; del Valle Díaz, S. Consistencia Y Fluctuación De Los Estados De Ánimo en Un Equipo De Fútbol Profesional Durante Una Competición De Play off. Rev. Psicol. Dep. 2008, 17, 241–251. [Google Scholar]

	



Friend, J.; LeUnes, A. Predicting baseball player performance. J. Sport Behav. 1990, 13, 73–86. [Google Scholar]

	



Fung, L.; Fu, F.H. Psychological determinants between wheelchair sport finalists and non-finalists. Int. J. Sport Psychol. 1995, 26, 568–579. [Google Scholar]

	



Hassmén, P.; Blomstrand, E. Mood State Relationships and Soccer Team Performance. Sport Psychol. 1995, 9, 297–308. [Google Scholar] [CrossRef]

	



Mahoney, M.J. Psychological predictors of elite and non-elite performance in Olympic weightlifting. Int. J. Sport Psychol. 1989, 20, 1–12. [Google Scholar]

	



Martin, J.J.; Malone, L.A.; Hilyer, J.C. Personality and mood in women’s Paralympic Basketball Champions. J. Clin. Sport Psychol. 2011, 5, 197–210. [Google Scholar] [CrossRef]

	



Norlander, T.; Archer, T. Predicting performance in ski and swim championships: Effectiveness of mood, perceived exertion, and dispositional optimism. Percept. Mot. Skills 2002, 94, 153–164. [Google Scholar] [CrossRef] [PubMed]

	



Prapavessis, H.; Grove, J.R. Precompetitive Emotions and Shooting Performance: The Mental Health and Zone of Optimal Function Models. Sport Psychol. 1991, 5, 223–234. [Google Scholar] [CrossRef]

	



Prapavessis, H.; Berger, B.; Grove, J.R. The relationship of training and pre-competition mood states to swimming performance: An exploratory investigation. Aust. J. Sci. Med. Sport 1992, 24, 12–17. [Google Scholar]

	



Samełko, A.; Guszkowska, M. Affective States and Performance Outcomes-the Findings of Preliminary Res Involving Pentathletes. Pol. J. Sport Tour. 2016, 23, 21–24. [Google Scholar] [CrossRef]

	



Serrano, M.A.; Salvador, A.; González-Bono, E.; Sanchís, C.; Suay, F. Hormonal responses to competition. Psicothema 2000, 12, 440–444. [Google Scholar]

	



Silva, J.M. Discriminating characteristics of contestants at the United States Olympic Wrestling Trials. Int. J. Sport Psychol. 1985, 16, 79–102. [Google Scholar]

	



Silva, J.M.; Shultz, B.B.; Haslam, R.W.; Murray, D. A psychophysiological assessment of elite wrestlers. Res. Q. Exerc. Sport 1981, 52, 348–358. [Google Scholar] [CrossRef]

	



Terry, P.C.; Slade, A. Discriminant effectiveness of psychological state measures in predicting performance outcome in karate competition. Percept. Mot. Skills 1995, 81, 275–286. [Google Scholar] [CrossRef]

	



Terry, P.C.; Youngs, E.L. Discriminant effectiveness of psychological state measures in predicting selection during field hockey trials. Percept. Mot. Skills 1996, 82, 371–377. [Google Scholar] [CrossRef]

	



Thomas, T.R.; Zebas, C.J.; Bahrke, M.S.; Araujo, J.; Etheridge, G.L. Physiological and psychological correlates of success in track and field athletes. Br. J. Sports Med. 1983, 17, 102–109. [Google Scholar] [CrossRef]

	



Vieira, L.F.; Fernandes, S.L.; Vieira, J.L.L.; Vissoci, J.R.N. Estado de humor e desempenho motor: Um estudo com atletas de voleibol de alto rendimento./Mood states and motor performance: A study with high performance volleyball athletes. Braz. J. Kine. Human Perfor. 2008, 10, 62–68. [Google Scholar] [CrossRef]

	



Lane, A.M.; Terry, P.C. The nature of mood: Development of a conceptual model with a focus on depression. J. Appl. Sport Psychol. 2000, 12, 16–33. [Google Scholar] [CrossRef]








[image: Ejihpe 11 00005 g001 550] 





Figure 1. PRISMA flow chart for the identification of the eventual included studies. 
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Figure 2. Study effect size statistics and corresponding forest plot representing the POMS tension scale, with a negative sign representing less tension for more successful performance outcomes. 
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Figure 3. Study effect size statistics and corresponding forest plot representing the POMS depression scale, with a negative sign representing less depression for more successful performance outcomes. 
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Figure 4. Study effect size statistics and corresponding forest plot representing the POMS anger scale, with a negative sign representing less anger for more successful performance outcomes. 
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Figure 5. Study effect size statistics and corresponding forest plot representing the POMS vigor scale with a positive sign representing more vigor for more successful performance outcomes. 
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Figure 6. Study effect size statistics and corresponding forest plot representing the POMS fatigue scale, with a negative sign representing less fatigue for more successful performance outcomes. 
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Figure 7. Study effect size statistics and corresponding forest plot representing the POMS confusion scale, with a negative sign representing less confusion for more successful performance outcomes. 
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Figure 8. Study effect size statistics and corresponding forest plot representing the POMS TMD, with a negative sign representing less TMD for more successful performance outcomes. 
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Figure 9. Random effects plot trimmed and filled for tension. 
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Figure 10. Random effects plot trimmed and filled for depression. 
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Figure 11. Random effects plot trimmed and filled for anger. 
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Figure 12. Random effects plot trimmed and filled for vigor. 
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Figure 13. Random effects plot trimmed and filled for fatigue. 
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Figure 14. Random effects plot trimmed and filled for confusion. 
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Figure 15. Random effects plot trimmed and filled for TMD. 
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Table 1. Coded sample, study, sport, and measure information for all studies meeting inclusion criteria.






Table 1. Coded sample, study, sport, and measure information for all studies meeting inclusion criteria.





	

	

	

	

	
Measures




	

	
Sample

	
Study

	
Sport

	
POMS

	
Perform




	
Study

	
n

	
Age

	
% M

	
Country

	
Design

	
Anonymity

	
Name

	
Duration

	
Skill

	
Type

	
Nature

	
Scales

	
Form

	
Relation






	
Covassin and Pero [37]

	
24

	
20.4

	
100

	
USA

	
PGBM

	
NR

	
TEN

	
>10

	
O

	
IND

	
IMMED

	
All, TMD

	
F

	
OBJ




	
Daiss et al. [38]

	
60

	
>18

	
100

	
USA

	
FSBM

	
NR

	
FB

	
>10

	
O

	
T

	
LT

	
D, V, F, C, TMD

	
F

	
OBJ




	
de la Vega et al. [39]

	
21

	
>18

	
100

	
ESP

	
PGWM

	
NR

	
SOC

	
>10

	
O

	
T

	
IMMED

	
T, D, A, V, F

	
S

	
OBJ




	
Friend and LeUnes [40]

	
169

	
20.6

	
100

	
USA

	
POWr

	
NR

	
BsB

	
>10

	
O

	
T

	
LT

	
T, A, V

	
F

	
SR




	
Fung and Fu [41]

	
300

	
NR

	
50.66

	
CHN

	
PGBM

	
NR

	
T, SWIM, TT

	
<10

	
C

	
IND

	
IMMED

	
All

	
F

	
OBJ




	
Gutmann et al. [19]

	
11

	
20.1

	
100

	
USA

	
TSBM

	
NR

	
SpS

	
<10

	
C

	
IND

	
IMMED

	
T, D, A, V, C

	
F

	
OBJ




	
Hassmén and Blomstrand [42]

	
9

	
22.0

	
100

	
SWE

	
PGWM

	
Yes

	
SOC

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ




	
LeUnes et al. [20]

	
33

	
>18

	
100

	
USA

	
FSBM

	
NR

	
FB

	
>10

	
O

	
T

	
LT

	
All, TMD

	
F

	
OBJ




	
Mahoney [43]

	
67

	
R

	
71.64

	
USA

	
POWr

	
NR

	
WL

	
<10

	
C

	
IND

	
LT

	
A, D

	
F

	
SR




	
Martin et al. [44]

	
25

	
25.8

	
0

	
USA

	
TSBM

	
NR

	
BkB

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ




	
Miller and Miller [22]

	
20

	
NR

	
0

	
AUS

	
TSBM

	
Yes

	
NB

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ




	
Morgan and Johnson [17]

	
57

	
NR

	
100

	
USA

	
TSBM

	
Yes

	
ROW

	
<10

	
C

	
T

	
IMMED

	
All

	
F

	
OBJ




	

	
16

	
NR

	
100

	
USA

	
TSBM

	
Yes

	
ROW

	
<10

	
C

	
T

	
IMMED

	
All

	
F

	
OBJ




	
Morgan et al. [18]

	
14

	
26.4

	
100

	
USA

	
POWr

	
Yes

	
DR

	
>10

	
C

	
IND

	
IMMED

	
TMD

	
F

	
SR




	
Nagle et al. [16]

	
26

	
24.3

	
100

	
USA

	
TSBM

	
NR

	
W

	
<10

	
O

	
IND

	
IMMED

	
All

	
NR

	
OBJ




	
Norlander and Archer [45]

	
31

	
17.9

	
67.44

	
SWE

	
PGBM

	
Yes

	
CCS, SM

	
<10

	
B

	
IND

	
IMMED

	
TMD

	
F

	
OBJ




	

	
26

	
17.2

	
50.00

	
SWE

	
PGBM

	
Yes

	
SWIM

	
<10

	
B

	
IND

	
IMMED

	
TMD

	
F

	
OBJ




	
Prapavessis and Grove [46]

	
12

	
35.6

	
91.66

	
AUS

	
PGWM

	
Yes

	
CS

	
>10

	
C

	
IND

	
IMMED

	
All, TMD

	
S

	
SR




	
Prapavessis et al. [47]

	
35

	
14.6

	
41.66

	
AUS

	
PGBM

	
Yes

	
SWIM

	
<10

	
C

	
IND

	
IMMED

	
All

	
S

	
SR




	
Samelko and Guszkowska [48]

	
12

	
20.9

	
58.33

	
POL

	
POWr

	
NR

	
PEN

	
>10

	
C

	
IND

	
LT

	
A

	
F

	
SR




	
Serrano et al. [49]

	
12

	
20.2

	
100

	
ESP

	
PGBM

	
NR

	
J

	
<10

	
O

	
IND

	
IMMED

	
All

	
F

	
OBJ




	
Silva et al. [50]

	
78

	
>18

	
100

	
USA

	
TSBM

	
NR

	
W

	
<10

	
O

	
IND

	
IMMED

	
All

	
F

	
OBJ




	
Silva et al. [51]

	
15

	
>18

	
100

	
USA

	
TSBM

	
NR

	
W

	
<10

	
O

	
IND

	
IMMED

	
All

	
F

	
OBJ




	
Terry and Slade [52]

	
199

	
26.5

	
100

	
UK

	
PGBM

	
Yes

	
K

	
<10

	
O

	
IND

	
IMMED

	
All

	
F

	
OBJ




	
Terry and Youngs [53]

	
128

	
20.4

	
50

	
UK

	
TSBM

	
Yes

	
FH

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ




	
Thomas et al. [54]

	
24

	
>18

	
100

	
USA

	
POWr

	
NR

	
DR

	
>10

	
C

	
IND

	
LT

	
All

	
F

	
SR




	

	
20

	
>18

	
100

	
USA

	
POWr

	
NR

	
SP, JP

	
<10

	
C

	
IND

	
LT

	
All

	
F

	
SR




	
Vieira et al. [55]

	
12

	
>18

	
100

	
BRA

	
POWM

	
Yes

	
VB

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ




	

	
12

	
>18

	
0.00

	
BRA

	
POWM

	
Yes

	
VB

	
>10

	
O

	
T

	
IMMED

	
All

	
F

	
OBJ








Note: S1 = sample 1 from study; S2 = sample 2 from study; R = provided age range cross both <18 and >18; NR = not reported; USA = United States of America; ESP = Spain; CHN = China; SWE = Sweden; AUS = Australia; POL = Poland; UK = United Kingdom; BRA = Brazil; PGBM = performance groups between groups mean data; FSBM = future success between groups mean data; PGWM = performance groups within groups mean data; POWr = performance outcome within groups correlational data; TSBM = team selection between groups mean data; TEN = tennis; FB = American football; SOC = soccer; BsB = baseball; T = track; SWIM = swimming; TT = table tennis; SK = speed skating; WL = weightlifting; BkB = basketball; FIGHT = fighting; NB = netball; ROW = rowing; DR = distance running; W = wrestling; CCS = cross-country skiing; SM = ski marksmen; CS = clay shooting; PEN = pentathlon; J = judo; K = karate; Sprint = track sprinters; jump = track jumpers; VB = volleyball; >10 = sport takes greater than 10 min to play; <10 = sport takes less than 10 min to play; O = open; C = closed; B = both open and closed; IND = individual; T = team; IMMED = immediate; LT = long term; A = anger; C = confusion; D = depression; F = fatigue; T = tension; V = vigor; TMD = total mood disturbance; TGM = total global mood; F = full form; S = short form; OBJ = objective; SR = self-referenced.
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Table 2. Risk bias within studies categories information for all studies meeting inclusion criteria.
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	Study
	Sample Close Representation of the Target Population
	Random Selection Used
	Non-Response Bias Minimal
	Performance Measure Relevant to the Sample Sport
	POMS Data Collected Directly from Subjects
	POMS Reliability Values Reported
	Performance Data Verifiable
	Same Mode of Data Collection for All
	Time Period Reasonable between the POMS and Performance





	Covassin and Pero [37]
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Daiss et al. [38]
	No
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	?



	de la Vega et al. [39]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Friend and LeUnes [40]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Fung and Fu [41]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Gutmann et al. [19]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Hassmén and Blomstrand [42]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	LeUnes et al. [20]
	No
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	?



	Mahoney [43]
	Yes
	No
	No
	Yes
	No
	No
	Yes
	Yes
	Yes



	Martin et al. [44]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Miller and Miller [22]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Morgan and Johnson S1 [17]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Morgan and Johnson S2 [17]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Morgan et al. [18]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	No



	Nagle et al. [16]
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Norlander and Archer S1 [45]
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Norlander and Archer S2 [45]
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Prapavessis and Grove [46]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Prapavessis et al. [47]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Samelko and Guszkowska [48]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Serrano et al. [49]
	Yes
	Yes
	Yes
	Yes
	?
	No
	Yes
	Yes
	Yes



	Silva et al. [50]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Silva et al. [51]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Terry and Slade [52]
	Yes
	No
	?
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Terry and Youngs [53]
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes



	Thomas et al. S1 [54]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Thomas et al. S2 [54]
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Vieira et al. S1 [55]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes



	Vieira et al. S2 [55]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes
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Table 3. Summary effect size, heterogeneity, and publication bias statistics for all POMS scales and TMD.






Table 3. Summary effect size, heterogeneity, and publication bias statistics for all POMS scales and TMD.





	

	
Overall Effect Size Information

	
Heterogeneity

	
Publication Bias




	
Scale

	
k

	
n

	
Hedges’ g [95% CI]

	
Z-value [p]

	
I2

	
tau2

	
Fail-Safe n

	
Trim n

	
Adjusted g [Adjusted 95% CI]






	
Tension

	
22

	
1150

	
−0.21 [−0.51, 0.09]

	
−1.24 [0.216]

	
81.89

	
0.38

	
146

	
6

	
−0.47 [−0.76, −0.19]




	
Depression

	
24

	
1215

	
−0.43 [−0.75, −0.11]

	
−2.36 [0.018]

	
84.59

	
0.50

	
386

	
4

	
−0.64 [−0.97, −0.31]




	
Anger

	
30

	
1689

	
0.08 [−0.15, 0.30]

	
0.38 [0.702]

	
75.85

	
0.25

	
30

	
0

	
No change




	
Vigor

	
24

	
1220

	
0.38 [0.15, 0.60]

	
3.01 [0.001]

	
68.69

	
0.18

	
332

	
2

	
0.44 [0.22, 0.67]




	
Fatigue

	
21

	
1104

	
−0.13 [−0.46, 0.20]

	
−0.67 [0.501]

	
84.39

	
0.46

	
27

	
4

	
−0.34 [−0.66, −0.01]




	
Confusion

	
21

	
1094

	
−0.41 [−0.76, −0.06]

	
−2.11 [0.035]

	
85.08

	
0.52

	
365

	
0

	
No change




	
TMD

	
9

	
257

	
−0.53 [−1.14, 0.07]

	
−1.53 [0.125]

	
80.81

	
0.66

	
24

	
2

	
−0.84 [−1.49, −0.18]
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Table 4. Terry’s propositions for sport characteristic results.






Table 4. Terry’s propositions for sport characteristic results.





	
Scale

	
Moderator Levels

	
k

	
n

	
Hedges’ g [95% CI]

	
QTB [p]






	
Sport Duration




	
Tension

	
<10, >10

	
10, 10

	
749, 357

	
−0.28 [−0.80, 0.24], −0.16 [−0.51, 0.19]

	
0.14 [0.71]




	
Depression

	
<10, >10

	
11, 11

	
816, 355

	
−0.62 [−1.19, −0.05], −0.27 [−0.61, 0.07]

	
1.05 [0.30]




	
Anger

	
<10, >10

	
13, 15

	
1030, 615

	
0.31 [−0.04, 0.65], −0.15 [−0.43, 0.13]

	
4.01 [0.04]




	
Vigor

	
<10, >10

	
10, 12

	
749, 427

	
0.57 [0.21, 0.93], 0.20 [−0.03, 0.42]

	
2.89 [0.09]




	
Fatigue

	
<10, >10

	
9, 10

	
738, 322

	
−0.13 [−0.73, 0.47], −0.12 [−0.48, 0.24]

	
0.00 [0.98]




	
Confusion

	
<10, >10

	
10, 9

	
749, 301

	
−0.52 [−1.07, 0.03], −0.30 [−0.70, 0.10]

	
0.42 [0.52]




	
TMD

	
<10, >10

	
4, 5

	
114, 143

	
0.02 [−0.34, 0.38], −1.14 [−2.29, 0.01]

	
3.58 [0.06]




	
Sport Skill




	
Tension

	
Closed, Open

	
8, 14

	
475, 675

	
−0.13 [−0.44, 0.18], −0.25 [−0.70, 0.20]

	
0.18 [0.67]




	
Depression

	
Closed, Open

	
9, 15

	
542, 673

	
−0.47 [−0.92, −0.00], −0.39 [−0.84, 0.05]

	
0.05 [0.82]




	
Anger

	
Closed, Open

	
10, 20

	
554, 1135

	
0.23 [−0.16, 0.62], 0.01 [−0.27, 0.30]

	
0.77 [0.38]




	
Vigor

	
Closed, Open

	
8, 16

	
475, 745

	
0.40 [0.13, 0.69], 0.38 [0.06, 0.70]

	
0.01 [0.93]




	
Fatigue

	
Closed, Open

	
7, 14

	
464, 640

	
0.09 [−0.09, 0.27], −0.19 [−0.66, 0.29]

	
1.11 [0.29]




	
Confusion

	
Closed, Open

	
8, 13

	
475, 619

	
−0.39 [−0.73, −0.03], −0.41 [−0.97, 0.15]

	
0.01 [0.94]




	
TMD

	
Closed, Open

	
2, 3

	
26, 117

	
−0.58 [−1.93, 0.76], −1.55 [−3.43, 0.33]

	
0.67 [0.41]




	
Sport Type




	
Tension

	
IND, Team

	
12, 10

	
756, 394

	
−0.25 [−0.70, 0.20], −0.15 [−0.52, 0.22]

	
0.11 [0.74]




	
Depression

	
IND, Team

	
13, 11

	
823, 392

	
−0.47 [−0.94, 0.03], −0.33 [−0.68, 0.02]

	
0.20 [0.65]




	
Anger

	
IND, Team

	
16, 14

	
1049, 640

	
0.29 [−0.02, 0.60], −0.17 [−0.45, 0.11]

	
4.47 [0.03]




	
Vigor

	
IND, Team

	
12, 12

	
756, 464

	
0.51 [0.18, 0.83], 0.23 [−0.01, 0.48]

	
1.76 [0.18]




	
Fatigue

	
IND, Team

	
11, 10

	
745, 359

	
−0.16 [−0.70, 0.37], −0.08 [−0.44, 0.28]

	
0.06 [0.80]




	
Confusion

	
IND, Team

	
12, 9

	
756, 338

	
−0.44 [−0.93, 0.05], −0.33 [−0.74, 0.08]

	
0.12 [0.72]




	
TMD

	
IND, Team

	
7, 2

	
164, 93

	
−0.66 [−1.49, 0.16], −0.28 [−0.95, 0.39]

	
0.50 [0.48]
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Table 5. Number of samples (k), number of participants, Hedges’ g, confidence intervals, and the Q total between statistics for potential risk of bias across study variables.






Table 5. Number of samples (k), number of participants, Hedges’ g, confidence intervals, and the Q total between statistics for potential risk of bias across study variables.





	
Scale

	
Moderator Level

	
k

	
n

	
Hedges’ g [95% CI]

	
QTB [p-Value]






	
Anonymity Assured Written in Text




	
Tension

	
Yes, NR

	
10, 12

	
499, 649

	
−0.22 [−0.84, 0.40], −0.26 [−0.50, −0.02]

	
0.02 [0.89]




	
Depression

	
Yes, NR

	
10, 14

	
499, 714

	
−0.46 [−1.61, 0.15], −0.41 [−0.77, −0.06]

	
0.02 [0.90]




	
Anger

	
Yes, NR

	
10, 20

	
499, 1188

	
0.09 [−0.23, 0.40], 0.09 [−0.21, 0.39]

	
0.00 [1.00]




	
Vigor

	
Yes, NR

	
10, 14

	
499, 719

	
0.34 [−0.11, 0.79], 0.39 [0.16, 0.63]

	
0.04 [0.83]




	
Fatigue

	
Yes, NR

	
10, 11

	
499, 603

	
−0.20 [−0.89, 0.43], −0.04 [−0.27, 0.19]

	
0.22 [0.64]




	
Confusion

	
Yes, NR

	
10, 11

	
499, 593

	
−0.54 [−1.20, 0.12], −0.32 [−0.68, 0.04]

	
0.33 [0.56]




	
TMD

	
Yes, NR

	
6, 3

	
140, 117

	
−0.08 [−0.45, 0.29], −1.55 [−3.43, 0.33]

	
2.25 [0.13]




	
Selective Reporting of POMS Scales




	
Tension

	
Yes, No

	
3, 19

	
127, 1021

	
−0.28 [−0.74, 0.19], −0.20 [−0.54, 0.14]

	
0.07 [0.79]




	
Depression

	
Yes, No

	
4, 20

	
159, 1054

	
−0.75 [−1.84, 0.34], −0.37 [−0.71, −0.03]

	
0.42 [0.51]




	
Anger

	
Yes, No

	
10, 20

	
633, 1054

	
0.28 [−0.18, 0.74], −0.02 [−0.26, 0.22]

	
1.26 [0.26]




	
Vigor

	
Yes, No

	
4, 20

	
164, 1054

	
0.13 [−0.30, 0.56], 0.43 [0.18, 0.68]

	
1.34 [0.24]




	
Fatigue

	
Yes, No

	
2, 19

	
81, 1021

	
−0.07 [−0.50, 0.36], −0.14 [−0.50, 0.23]

	
0.06 [0.80]




	
Confusion

	
Yes, No

	
2, 19

	
71, 1021

	
−0.13 [−1.10, 0.84], −0.43 [−0.80, −0.07]

	
0.34 [0.56]




	
TMD

	
Yes, No

	
6, 3

	
188, 69

	
−0.06 [−0.42, 0.30], −1.59 [−3.56, 0.37]

	
2.25 [0.13]




	
Sport Performance Relation to Participants




	
Tension

	
Objective, Self

	
17, 5

	
962, 186

	
−0.23 [−0.60, 0.14], −0.21 [−0.51, 0.09]

	
0.01 [0.94]




	
Depression

	
Objective, Self

	
19, 5

	
1055, 158

	
−0.40 [−0.76, −0.04], −0.53 [−1.43, 0.36]

	
0.07 [0.78]




	
Anger

	
Objective, Self

	
20, 10

	
1209, 478

	
0.06 [−0.20, 0.31], 0.14 [−0.30, 0.59]

	
0.11 [0.74]




	
Vigor

	
Objective, Self

	
19, 5

	
1055, 163

	
0.37 [0.09, 0.64], 0.41 [0.10, 0.71]

	
0.03 [0.86]




	
Fatigue

	
Objective, Self

	
17, 4

	
1011, 91

	
−0.14 [−0.53, 0.24], −0.04 [−0.45, 0.36]

	
0.12 [0.73]




	
Confusion

	
Objective, Self

	
17, 4

	
1001, 91

	
−0.46 [−0.89, −0.05], −0.19 [−0.58, 0.20]

	
0.89 [0.34]




	
TMD

	
Objective, Self

	
7, 2

	
231, 26

	
−0.53 [−1.27, 0.19], −0.58 [−1.93, 0.76]

	
0.00 [0.94]




	
Timing of POMS in Relation to Sport Performance




	
Tension

	
Short, Long term

	
19, 3

	
1009, 139

	
−0.20 [−0.52, 0.15], −0.39 [−0.71, −0.05]

	
0.62 [0.43]




	
Depression

	
Short, Long term

	
19, 5

	
1009, 204

	
−0.38 [−0.73, −0.02], −0.61 [−1.48, 0.26]

	
0.22 [0.63]




	
Anger

	
Short, Long term

	
21, 9

	
1223, 464

	
0.10 [−0.14, 0.33], 0.07 [−0.45, 0.59]

	
0.01 [0.93]




	
Vigor

	
Short, Long term

	
19, 5

	
1009, 209

	
0.37 [0.10, 0.65], 0.39 [0.10, 0.68]

	
0.01 [0.93]




	
Fatigue

	
Short, Long term

	
18, 3

	
998, 104

	
−0.15 [−0.52, 0.22], 0.00 [−0.55, 0.55]

	
0.20 [0.65]




	
Confusion

	
Short, Long term

	
18, 3

	
988, 104

	
−0.48 [−0.86, −0.09], 0.05 [−0.39, 0.48]

	
3.07 [0.08]




	
TMD

	
Short, Long term

	
7, 2

	
164, 93

	
−0.66 [−1.49, 0.16], −0.28 [−0.95, 0.39]

	
0.50 [0.48]
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